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The aim of this study was to measure the nasal changes using a novel three-dimensional photo-
graphic imaging method.
Methods: A total of 38 patients with Class III malocclusion and prognathism were enrolled. All
patients underwent two-jaw surgery with the standard technique. A nasal alar cinching suture
was included at the end of procedure. Facial landmarks and nasal morphology were defined
and measured from pre- and postoperative three-dimensional photographic images. Intra-
rater errors on landmark identification were controlled. Patient’s reports of perceptual nasal
changes were recorded.
Results: The average width of the alar base and subalare remained similar after surgery. Alar
width was increased by 0.74 mm. Nasal height and length remained the same. Nasolabial angle
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lated with a decrease of columella inclination. Nasal tip projection decreased significantly, by
1.99 mm. Preoperative nasal morphology was different between patients with and without
cleft lip/palate, but most nasal changes were concordant. In the self-perception, 37% of pa-
tients reported improved nasal appearance, 58% reported no change, and 5% were not satisfied
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Nasal changes after orthognathic surgery 113Conclusion: After the surgery, characteristic nasal changes occurred with an increase of naso-
labial angle and nostril show, but a preserved nasal width. The majority of patients did not
perceive adverse nasal changes.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Orthognathic surgery is an effective treatment method and
popular in plastic and maxillofacial surgeries, which pro-
vides both functional and esthetic benefits. Orthognathic
surgery for correction of patients with Class III malocclusion
and prognathism is one of the common procedures per-
formed in Asian people. In this treatment, the maxilla is
moved forward and the mandible is set back. The treat-
ment planning needs to acknowledge the facial soft tissue
response following the underlying skeletal reposition. The
nose plays an important role in facial attractiveness. LeFort
I osteotomy and movement of the maxilla affect the posi-
tion and shape of the overlying nose in particular ways.
Widening of the alar base was consistently reported in the
literature.1e4 However, mixed nasal changes were reported
for nasal tip projection and nasolabial angle. These earlier
studies had variations in clinical diagnosis, operative
design, surgical technique, measurement method, and
ethnic population. Apart from those factors, most previous
studies were based on two-dimensional (2D) X-ray or
photograph.5,6 Recently, a new imaging technique has been
developed, permitting accuracy in three-dimensional (3D)
assessment of craniofacial morphology. Three-dimensional
photogrammetry has been accepted in the evaluation of
orthognathic patients. Three-dimensional photographic
devices are designed to capture surface anatomy quickly
and noninvasively, and provide a great potential to expand
quantitative assessment of the face.7 However, only a few
studies evaluated the nasal shape in orthognathic patients
using 3D photogrammetry.2,8 Studies of the nasal changes in
Asian patients were few, and one such study was performed
using 3D laser scanning.9 Among these studies, strong evi-
dence and accurate prediction for the nasal changes
remained largely unclear or inconsistent. This is particu-
larly true for Asian patients, who are more concerned about
the possible unfavorable nasal changes after the orthog-
nathic surgery, such as widening of the nose and increased
nostril show. In this study, we quantified the nasal changes
using proper technique of 3D photograph superimposition
between images taken before and after orthognathic sur-
gery, and evaluated if the nasal widening could be
prevented.
Materials and methods
This retrospective study was conducted in Chang Gung
Craniofacial Center, Taoyuan, Taiwan, and was approved by
the Institutional Review Board (IRB No. 102-2774B). Three-
dimensional photographs were taken using the 3dMD system
(3dMD Inc., Atlanta, GA, USA). All patients had prognathismand underwent orthognathic surgery performed by LJL,
using LeFort I osteotomy of maxilla and bilateral sagittal
split osteotomy of mandible, from September 2011 to
August 2012. Exclusion criteria were patients with severe
congenital craniofacial deformity and a history of facial
trauma, and those who did not have adequate image data.
Thirty-eight patients were included in this study. A stan-
dard technique of a modified nasal cinching suture was used
in all patients after completion of orthognathic surgical
procedures. Three-dimensional photography prior to the
operation and at least 6 months after the operation were
retrieved from the image data bank of Chang Gung
Craniofacial Research Center, Taoyuan, Taiwan. Facial
landmarks in each 3D image were defined, located, and
measured by a single investigator (S.W.). Measurements of
the changes in shape and size were analyzed. Intra-rater
errors on landmark identification were tested and
controlled. The postoperative course and patient’s
impression on nose change were reviewed.Operative methods
The surgery was performed under general anesthesia and
nasotracheal intubation. The mandibular bilateral sagittal
split osteotomy was performed using the modified Obwe-
gesereDal Pont method.10,11 If an anterior subapical
osteotomy of the mandible or genioplasty was needed, this
procedure was performed prior to splitting of the ramus.
LeFort I osteotomy was then performed with a technique
similar to that of Bell.12 After mucosa incision, the sub-
periosteal plane was dissected, exposing the anterior nasal
spine, piriform aperture, and maxillary surfaces below the
infraorbital foramen. The septum was separated from the
vomer from the anterior nasal spine to the posterior nasal
spine. LeFort I osteotomy was performed. The maxillary
junction with pterygoid plate was separated and down-
fractured using Rowe disimpaction forceps. When indi-
cated, an anterior subapical osteotomy or a multisegment
LeFort I was performed after separation of the LeFort I
osteotomy. If maxillary impaction was planned, the vomer
and the septum were caudally shortened. The maxillary and
mandibular segments were wired together into the single
final occlusal splint. The maxillomandibular complex was
repositioned according to the preoperative plan, and the
maxilla was fixed with a mini-plating system. Posterior
maxillary impaction and clockwise rotation of the max-
illomandibular complex were performed in 27 patients
(71%). Then proximal and distal segments of mandibular
ramus were fixed by transcutaneous bicortical titanium
screws. The temporary maxillomandibular fixation was
released, and the occlusion was checked.
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After rigid fixation of all osseous segments, two points
adjacent to alar curvature (Ac) were marked along the alar
groove. Nonabsorbable 3-0 nylon was used, from the
intraoral wound through the skin extraorally, exiting at the
first point. The needle was then reinserted into the same
puncture site, exited at the second point by subcutaneous
tunnel, and reinserted into the intraoral wound through the
same puncture site (Fig. 1A). The same procedure was
repeated in the opposite side. The suture did not pass
through the anterior nasal spine. The suture was tightened
as much as possible (Fig. 1B). At this point, the width of the
alar base was narrower than that before the surgery
(overcorrection). Care was taken to achieve alar base
symmetry. The oral mucosa wound was closed with 3-
0 chromic catgut sutures without V-Y closure.
Three-dimensional imaging method
Three-dimensional photographs of the patients were
captured using a 3D stereophotogrammetric camera setup
and the software. The 3dMD system (3dMD Inc.) was used.
While taking photographs, the patients were asked to bite
in intercuspidation, relax their lips, and keep their eyes
open. Image files were imported into 3dMDVultus (Version
2.2; 3dMD Inc.). The program was used for manipulation of
the 3D photographic data, landmark identification, and
superimposition.
Reference frame-based registration
Each of 3D photographs was imported into the 3dMDVultus
software (3dMD Inc.). A frame was set up based on the
Cartesian coordinate system.13,14 This allowed for the
establishment of a consistent coordinate system for com-
parison between pre- and postoperative images. A hori-
zontal line was drawn connecting both exocanthia. The
patient’s image was rotated in this plane to the trag-
usenasal alare (Al; Camper’s plane). The true horizontal
plane was automatically calculated 7.5 above this
Camper’s plane,15,16 along with the horizontal direction ofFigure 1 (A) Diagram of nasal cinching suture technique. Nona
points adjacent to the Ac landmark. The red line shows that the sut
photographs showing the nose before and after the cinching suturthe standard head position and through the nasion point
(Fig. 2A). The sagittal or vertical plane was computed
perpendicular to the horizontal plane and passing through
the nasion point. The coronal or median plane was
computed perpendicular to the horizontal and vertical
planes. After these three reference planes were con-
structed, a new coordinate system was established using
the axis of each dimensional plane, with the nasion or N
point as its origin (zero point), resulting in the soft tissue 3D
photograph reference frame-based system (Fig. 2B). This
reference frame was set up for each 3D photograph by the
investigator prior to landmark identification.
The postoperative 3D image was superimposed on the
preoperative image, and the same reference frame was
used.Landmark identification
We used the definition and abbreviations of the anthropo-
metric landmarks according to Farkas17 (Table 1). Accuracy
for landmark identification in the 3D facial surface imaging
system was reported.14 Landmark identification and refer-
ence plane positioning were carefully performed in both
pre- and postoperative photographs (Figs. 3 and 4).Errors of the method
The validity of the method was assessed by a preliminary
repeated test. Preoperative 3D photographs of 10 patients
were randomly selected and 15 anthropometric landmarks
were identified for analysis of the intra- and inter-rater
errors. Two investigators (a plastic surgeon, S.W., and a
research assistant, Y.F.C.) identified the selected land-
marks twice on each 3D photograph. This was performed
with an intervening period of 1 week to prevent memory
bias. Landmark distances between the first and the second
digitization were used for analysis of the method errors.
Systematic error was assessed by mean difference, reli-
ability coefficient (Pearson’s correlation coefficient),
measurement error, and standard error within and between
investigators in relation to the 3D reference frame.bsorbable 3-0 nylon suture was used intra- and extraorally at
ure was passed into the subcutaneous tunnel. (B) Intraoperative
e. Ac Z alar curvature.
Figure 2 Three-dimensional photograph of reference frame-based setting. (A) Horizontal reference plane passing through the
nasion, parallel to established 7.5 above the Camper’s plane (TreAl). (B) Three reference planes; the median plane (coronal
plane) passing through the nasion and perpendicular to the horizontal reference plane, and the vertical plane (sagittal plane)
passing through the nasion and perpendicular to the horizontal and median planes. Al Z alare; Tr Z tragus.
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Most of the linear and angular measurements were carried
out from each 3D photograph using 3dMDVultus software
(3dMD Inc.; Table 1 and Fig. 4). Two measurements were
performed on 2D images captured from true frontal and
lateral views of 3D photographic images in the same scale.
These were nostril show and nasal tip projection (Fig. 5).
ImageJ software (version 1.47; NIH, Bethesda, Maryland,
USA) was used for area measurement of nostril show and
linear measurement of nasal tip projection on 2D images.Superimposition method
As there were nasal changes after orthognathic surgery, and
one of the nasal landmarks was used to determine the
reference plane, superimposition of 3D photographic im-
ages before and after treatment was performed for com-
parisons. After setting up the reference frame and
identifying all landmarks on the preoperative 3D photo-
graph, the postoperative photograph was imported for su-
perimposition. This procedure was used to set the two
images at the same spatial position in order to show the
change. The postoperative image was manually moved to a
close proximity of the preoperative skin surface, and
automatic registration was performed. The forehead,
glabella, and both the inner and the outer canthi of the
eyes were used for registration, because these areas were
not affected by the surgery (Fig. 6). The superimposition
procedure was reversible and repeatable until the root
mean square errors became insignificant and <0.5 mm.
After satisfactory registration, the postoperative 3D
photograph was used for landmark identification and mea-
surement, same as those performed on the preoperative
image. Data from pre- and postoperative images were
compared and analyzed for nasal changes.Statistical analysis
Statistical analysis of the differences between pre- and
postoperative measurements was carried out with a paired
t test using the SPSS software program, version 17.0 (SPSS
Inc., Chicago, IL, USA). Comparisons between patients with
cleft lip/palate and those without cleft were performed
using independent samples t test. The results were illus-
trated as mean  standard deviation. A p value <0.05 was
considered statistically significant.
Results
Patient demography
All patients had prognathism and Class III malocclusion, and
underwent surgery including LeFort I and bilateral sagittal
split osteotomy. There were 18 men (47.4%) and 20 women
(52.6%). Twenty-one patients had cleft lip and palate
(55.2%), and 17 patients had developmental malocclusion
without cleft (44.8%). All weremature patients, with amean
age of 18.5 years in the group of patients with cleft and 22.1
years in the group of patients without cleft (Table 2).
Intra- and inter-rater errors
In this preliminary study, almost all landmarks were digi-
tized to within 0.5 mm difference from both investigators,
indicating high precision of landmark localization (Table 3).
Two landmarks, glabella and labiale superius, were found
to have a mean difference of >1.0 mm between the two
investigators (inter-rater errors), which were considered
significant. All correlation coefficients were higher than
0.9, indicating high reliability. The mean difference, mea-
surement error, and standard error for both intra-rater
errors were less than those of the inter-rater errors
Table 1 Definition of landmarks and anthropometric nasal
measurement.
Landmark Abbreviation Definition
Tragus Tr The point at the
midtragus,
midposition on the
base line between
tragus and face
Alare Al The most lateral point
on each alar contour
Alar curvature Ac The point located at
the facial insertion of
the alar base
Subalare Sbal The point at the
lower limit of each
alar base, where the
alar base disappears
into the skin of the
upper lip
Exocanthion Ex The soft tissue point
located at the outer
commissure of each
eye fissure
Endocanthion En The soft tissue point
located at the inner
commissure of each
eye fissure
Glabella G The most anterior
midpoint on the
fronto-orbital soft
tissue contour
Nasion N The point in the
midline of both the
nasal root and the
nasofrontal suture
Labiale superius Ls The midpoint of the
vermilion line of the
upper lip
Pronasale Prn The most anterior
midpoint of the nasal
tip
Subnasale Sn The midpoint on the
nasolabial soft tissue
contour between the
columella crest and
the upper lip
Columella
constructed
point
C The breakpoint at the
end of the tangential
line drawn from the
Sn along the lower
part of columella
Angular measurement
Nasofrontal
angle
NFA Calculated from
intersecting lines
drawn from the
glabella to the nasion
and from the nasion
along the dorsum of
nose (GeNePrn)
Nasolabial NLA Calculated from
Table 1 (continued )
Landmark Abbreviation Definition
angle intersecting lines
drawn from the top
point of the columella
to the subnasale and
from the subnasale to
the labiale superius
(CeSneLs)
Columella
inclination
CI The calculated angle
from the tangential
line from the
columella (C) to the
subnasale (Sn) and
related to the vertical
plane
Linear measurement
Alar width AleAl The widest distance
from the right alare
to the left alare
Alar base
width
AceAc The distance from the
right alar curvature to
the left alar
curvature
Subalare width SbaleSbal The distance from the
right subalare to the
left subalare
Nasal height NH The distance from the
nasion point to the
subnasale point on
the Y-axis
Nasal length NL The distance from the
nasion to the
pronasale
Nasal tip
projection
TP The distance from the
nasal alare to
pronasale (AlePrn) in
the lateral view
Area measurement
Nostril show Nos The calculated area
that shows the nostril
in the frontal view
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could be well controlled. For this reason, a single investi-
gator (S.W.) was chosen for measuring the required pa-
rameters from the 3D photography in case of all patients.Angular measurement
In all patients, a significant decrease in the nasofrontal
angle was observed (an average decrease of 1.28; Table 5).
A significant decrease in the nasofrontal angle was found in
the cleft group, but not in the noncleft group. The naso-
labial angle was significantly increased from 92.80 to
102.04. Columella inclination was decreased by 3.66 on
average. The cleft group had more decrease than the
noncleft groupd4.44 and 2.70, respectively (Table 6).
Figure 3 Anthropometric landmarks in (A) frontal and (B) basal views. Ac Z alar curvature; Al Z alare; C Z columella con-
structed point; En Z endocanthion; G Z glabella; Ls Z labiale superius; N Z nasion; Prn Z pronasale; Sbal Z subalare;
Sn Z subnasale; Tr Z tragus.
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The average width of the bilateral alar base (AceAc) and
subalare (SbaleSbal) remained the same after surgery. Alar
width (AleAl) showed a slight increase (by 0.74 mm) clini-
cally, but it was statistically significant. Nasal tip projection
(AlePrn) was significantly decreased by 1.99 mm (Table 5).
No significant postoperative changes were observed in nasal
height and nasal length after surgery. The postoperative
changes were concordant in both the cleft and noncleft
groups (Table 6). Clinically, the nasal length and nasal tip
projection were significantly shorter in patients with a cleft
as compared with noncleft patients.
Area measurement
Nostril show area revealed a significant increase by
12.08 mm2. This increase in nostril show was correlatedFigure 4 Linear and angular measurement. (A) Frontal view; alar
width (Sbal_ReSbal_L). (B) Lateral view for nasal height, nasal len
nasofrontal angle, number 2 the nasolabial angle, and number 3 the
alar curvature; Al_L Z left alare; Al_R Z right alare; C Z colum
N Z nasion; Prn Z pronasale; Sbal_L Z right subalare; Sbal_R Zwith a decrease of columella inclination (3.66) and an in-
crease of the nasolabial angle (9.23; Table 5). In the group
of patients with cleft, the nostril show increase was higher
(13.94 mm2 vs. 9.77 mm2; Table 6).
Changes of nasal tip and subnasale
After superimposition of pre- and postoperative images in
the same reference plane system, the x, y, and z coordinates
were obtained for both nasal tip and subnasale landmarks. In
all 38 cases, displacement of the two landmarks after sur-
gery was calculated. On average, the pronasale was moved
to the right by 0.03 mm in the x-axis; pZ 0.78, t test), up-
ward by 0.16 mm in the y-axis (p Z 0.56), and forward by
0.99mm in the z-axis (p< 0.0001). The subnasale wasmoved
to the right by 0.44mm in the x-axis (pZ 0.08), downward by
0.03 mm in the y-axis (pZ 0.91), and forward by 1.96 mm in
the z-axis (p < 0.0001).width (Al_ReAl_L), alar base width (Ac_ReAc_L), and subalare
gth, and angular measurement. The number 1 represents the
columella inclination. Ac_LZ left alar curvature; Ac_RZ right
ella constructed point; G Z glabella; Ls Z labiale superius;
right subalare; Sn Z subnasale.
Figure 5 Use of ImageJ software for 2D measurement. (A) Nostril show area measurement. The nostril orifice was marked
carefully with digital ballpoint, and area measurement was automatically calculated. (B) Nasal tip projection was measured from
Prn to nasal Al. Ac_R Z right alar curvature; Al_R Z right alare; Al Z alare; C Z columella constructed point; G Z glabella;
Ls Z labiale superius; N Z nasion; Prn Z pronasale; Sn Z subnasale.
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orthognathic surgery
All patients were interviewed for awareness of his/her
nasal changes at least 6 months after the operation. Four-
teen patients said that their noses were better than before
the operation (37%). More patients felt no change in their
nose (22 patients, 58%). However, two patients (5%) com-
plained that their noses were wider than or not as good as
before the surgery (Table 7). In the two unsatisfied pa-
tients, increases of alar width were 1.25 mm and 2.56 mm,
respectively, and increases of alar base width were
3.27 mm and 1.14 mm, respectively (Fig. 7).
Discussion
Three-dimensional photogrammetric method and its man-
aging software have evolved greatly in the past number of
years. This modality can be used to assess the changes in
the soft tissue and skin surface after orthognathic surgery,
and in this study, it was used to assess the postoperative
morphological changes of the nose. This 3D method is more
accurate and reliable for facial measurements than other
methods, such as direct anthropometry, cephalometric X-
ray, or 2D photography.14,18 For 3D photogrammetric anal-
ysis, reference planes should be constructed and the same
system should be used for accurate comparisons. The soft
tissue reference plane is different from the skeletal tissue
reference plane. Several studies developed a 3D
photograph-based reference frame.13,14,19 In this study, the
horizontal plane rotating by 7.5 from the Camper’s plane
was selected. This plane provided a high correlation with
the standard Frankfurt horizontal plane.15,16 The orbitale
and porion landmarks for the Frankfurt plane are difficult
to define in 3D photographs, while the tragus and nasalalare points can be located accurately. The rotated
Camper’s plane has been used for the horizontal plane in 3D
soft tissue analysis for Asian patients.20,21 The reference
frame used for the preoperative image was transferred to
the postoperative image in the same patient by superim-
position technique. This is because the nose changed after
orthognathic surgery, and the nasal alare position was also
changed. Using the same reference frame is important
when definition and measurement of facial landmarks and
nasal morphology, such as columella inclination and nostril
show, rely on constant 3D image positioning.
Most of the inter-rater errors were acceptable in the
landmark locating test, and the intra-rater errors were
much lower. The mean differences, measurement errors,
and standard errors were significantly lower in the intra-
rater tests (Table 5). As a consequence, a single investi-
gator was chosen in order to increase the method accuracy
in this study.
Prognathism and Class III malocclusion are common
problems and concerns in this region.22e24 The most
frequent complaint after the LeFort I operation is nasal
widening.1,9,25,26 In our clinic, many Asian patients worry
about adverse nasal changes after orthognathic surgery,
namely, nasal widening and increased nostril show. LeFort I
procedure involves detachment of the soft tissue, and
muscle insertion from the maxilla and piriform margin.
After bone movement and soft tissue redraping, nasal alae
drift laterally and the nose widens. It is well reported that
nasal cinching suture prevents nasal widening after LeFort I
osteotomy. Classic alar base cinch for correction of fat flare
nose was reported by Millard.27 Alar cinching suture has
been practiced commonly after LeFort I osteotomy. The
cinch techniques varied. In the mostly performed method,
an intraoral suture caught the soft tissue and muscle under
the alar base on each side of piriform rim. The extraoral
technique of nasal cinching suture was applied in our study.
Table 3 Intra- and inter-rater reproducibility of the
landmark localization task between the repeated tests.
Figure 6 Superimposition of pre- and postoperative 3D photographs of forehead, and inner and outer canthi for registration.
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taneous tunnel, which offered a better anchorage of the
soft tissue and enhanced greater stability. It was antici-
pated to have less relapse. Other extraoral techniques haveTable 2 Information of patients and operative
procedures.
Patient
with cleft
Patient
without cleft
Number of patients
(n Z 38)
21 (55) 17 (45)
Mean age (y) 18.5 (15.1e23.11) 22.1 (16.5e32.8)
Male 7 (33) 11 (65)
Female 14 (67) 6 (35)
LeFort I
Single-piece
LeFort I
19 (90) 8 (47)
Multisegment
LeFort I
2 (10) 9 (53)
BSSO
Without ASO 21 (100) 15 (88)
With ASO 0 2 (12%)
Genioplasty 12 (57) 11 (64)
Data are presented as n (%) or mean (range).
ASO Z anterior subapical osteotomy; BSSO Z bilateral sagittal
split osteotomy of mandible.
Landmarks Abbreviation Mean difference (mm)a
Intra-
rater 1
Intra-
rater 2
Inter-
rater
Right tragus Tr_R 0.30 0.40 0.83
Left tragus Tr_L 0.38 0.49 0.70
Right alar curvature Ac_R 0.31 0.35 0.62
Left alar curvature Ac_L 0.31 0.32 0.76
Glabella G 0.52 0.30 1.27
Pronasale Prn 0.32 0.23 0.70
Subnasale Sn 0.35 0.24 0.66
Labiale superius Ls 0.59 0.42 2.08
Right endocanthion En_R 0.36 0.23 0.57
Left endocanthion En_L 0.27 0.23 0.44
Right alare Al_R 0.29 0.34 0.75
Left alare Al_L 0.42 0.36 0.66
Right subalare Sbal_R 0.42 0.30 0.82
Left subalare Sbal_L 0.31 0.29 0.94
Columella
constructed
point
C 0.30 0.30 0.54
a A mean difference of <0.5 mm indicated highly accurate,
0.5e1.0 mm less accurate but clinically irrelevant, and
>1.0 mm clinically relevant.14
Table 4 Intra- and inter-rater errors assessed by MD, RC (Pearson’s correlation coefficient), ME, and its SE within and between
investigators in relation to the 3D reference frame.
MD (range) (mm) RC (range) ME (range) (mm)a SE (range)b
Intra-rater 1 0.36 (0.22e0.52) 0.99 (0.99e0.99) 0.21 (0.18e0.33) 0.05 (0.04e0.08)
Intra-rater 2 0.32 (0.22e0.58) 1.00 (1.00e1.00) 0.19 (0.13e0.27) 0.04 (0.03e0.06)
Inter-rater 0.82 (0.40e1.84) 1.00 (0.99e1.00) 0.45 (0.24e0.75) 0.11 (0.06e0.18)
MD Z mean difference; ME Z measurement error; RC Z reliability coefficient; SD Z standard deviation; SE Z standard error;
3D Z three dimensional.
a ME was calculated as the SD of the mean difference divided by
ﬃﬃﬃ
2
p
(i.e., ME Z SD/
ﬃﬃﬃ
2
p
).
b SE was calculated using the following formula: SE Z ME/
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃð2ðN 1ÞÞp .
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als.28,29 The suture was passed out of the skin in the
inferolateral portion of the alar crease, and reinserted into
the mouth through the same puncture site. The mean alar
base widening was significantly different, 1.38 mm in the
extraoral cinching group versus 2.31 mm in the classic
intraoral cinching group. Another study also reported that
the percutaneous cinch suture permitted more secure
control of the alar width than the classic suture.30 Our
cinch method with extraoral and subcutaneous passes
aimed at more soft tissue anchorage for sustaining nasal
width. The results showed some of the patients with wider
and some with narrower noses after surgery, and on
average, no change in bilateral alar base width, as well as
only 0.74 mm increase in bilateral alar width (Table 5 and
Fig. 7). This alar cinching method appears to provide
adequate control on postoperative nasal width. Asian
people have, on average, a larger nasal width (4e6 mm
wider) than that of north American Caucasians.17 There-
fore, alar cinching is important and should be performed
routinely after LeFort I operation in Asian patients.31,32
In our study, columella inclination was decreased after
the surgery. This change was incorporated with an increase
in the nasolabial angle. These findings demonstrated that
the nasal tip (pronasale) was moved relatively upward as
compared with the subnasale and labiale superius points,Table 5 Nasal changes after surgery, comparing the pre- and p
Variable Preoperative Postop
Angular measurement (degree)
Nasofrontal angle 144.57  6.44 143.29
Nasolabial angle 92.80  19.49 102.04
Columella inclination 63.05  10.54 59.39
Linear measurement (mm)
Nasal height 51.60  4.27 51.63
Nasal length 45.66  5.05 45.99
Alar width (AleAl) 40.74  3.70 41.49
Alar base width (AceAc) 36.52  3.87 36.55
Subalare width (SbaleSbal) 21.60  3.02 21.55
Nasal tip projection 21.68  3.04 19.68
Area measurement (mm2)
Nostril show 42.66  22.06 54.74
* Paired-sample t test, and significance level if p < 0.05.
Ac Z alar curvature; Al Z alare; CI Z confidence interval; Sbal Z sincreasing the nostril show. Postoperative nostril show was
significantly increased. The increased nasolabial angle and
nostril show are considered negative facial appearances in
Asian people.33 Patients need to be informed about this
likely outcome prior to orthognathic surgery. By contrast,
the Caucasian nose, which is long and narrow with less or no
nostril show, may prefer the postsurgical changes.
In the literature, mixed nasal changes were reported
after LeFort I surgery, especially in case of nasal tip pro-
jection and nasolabial angle. This may be caused by vari-
ations in patient population, clinical diagnosis, surgical
method, and evaluation tool. In this study, variables were
controlled using 3D photography to evaluate the nasal
changes after two-jaw orthognathic surgery for patients
with Class III malocclusion and prognathism. Nasal tip pro-
jection was significantly decreased by 2 mm. When
measuring from superimposed 3D images, the pronasale
(Prn) was actually moved forward by 0.99 mm, and the
subnasale was moved further forward by 1.96 mm. This
helps explain the postoperative reduction of nasal tip pro-
jection from alare to pronasale. In terms of the surgical
method, we preferred to perform two-jaw surgery and
move the maxillomandibular complex in a clockwise rota-
tion in order to create a pleasant smile arc. This may
partially explain why the postoperative nasolabial angle
was increased rather than decreased.ostoperative measurements (n Z 38).
erative Mean
difference
95% CI p*
 5.90 1.28 2.02e0.54 0.001
 16.06 9.23 6.32e12.15 <0.001
 10.81 3.66 5.09e2.23 <0.001
 3.76 0.03 0.53e0.59 0.91
 4.87 0.33 0.27e0.93 0.27
 3.75 0.74 0.39e1.09 <0.001
 3.81 0.02 0.65e0.70 0.93
 3.08 0.05 0.55e0.44 0.82
 3.12 1.99 2.35e1.64 <0.001
 25.50 12.08 9.05e15.11 <0.001
ubalare.
Table 6 Nasal changes after surgery, comparing the pre- and postoperative measurements among patients with cleft (nZ 21)
and without cleft (n Z 17).
Variable Preoperative Postoperative Mean
difference
95% CI p*
Angular measurement (degree)
Nasofrontal angle
Cleft 147.34  4.63a 145.64  4.87a 1.70 2.47e0.93 <0.001
Noncleft 141.15  6.83a 140.39  5.89a 0.76 2.18e0.65 0.27
Nasolabial angle
Cleft 96.25  23.52 104.24  19.93 7.98 3.97e11.99 <0.001
Noncleft 88.54  12.32 99.33  9.28 10.78 6.17e15.40 <0.001
Columella inclination
Cleft 63.17  12.30 58.73  12.77 4.44 6.56e2.32 <0.001
Noncleft 62.90  8.23 60.20  8.05 2.70 4.69e0.70 0.011
Linear measurement (mm)
Nasal height
Cleft 50.95  4.83 50.66  3.97 0.29 1.02e0.42 0.402
Noncleft 52.41  3.44 52.84  3.19 0.43 0.49e1.36 0.33
Nasal length
Cleft 43.29  4.27a 43.21  3.62a 0.77 0.87e0.72 0.84
Noncleft 48.59  4.43a 49.43  3.98a 0.83 0.11e1.78 0.08
Alar width (AleAl)
Cleft 41.40  3.58 41.95  3.90 0.55 0.12e0.98 0.014
Noncleft 39.94  3.80 40.92  3.59 0.98 0.37e1.60 0.004
Alar base width (AceAc)
Cleft 36.84  4.15 37.42  3.62 0.57 0.47e1.62 0.267
Noncleft 36.12  3.58 35.47  3.88 0.64 1.44e0.15 0.10
Subalare width (SbaleSbal)
Cleft 22.19  2.67 22.31  2.80 0.11 0.47e0.70 0.687
Noncleft 20.87  3.35 20.60  3.23 0.26 1.18e0.65 0.55
Nasal tip projection
Cleft 19.77  1.99a 17.74  2.19a 2.02 2.48e1.56 <0.001
Noncleft 24.05  2.37a 22.08  2.36a 1.96 2.58e1.35 <0.001
Area measurement (mm2)
Nostril show
Cleft 41.73  23.03 55.68  29.12 13.94 9.14e18.75 <0.001
Noncleft 43.81  21.46 53.59  20.99 9.77 6.26e13.29 <0.001
* Paired-sample t test, and significance level if p < 0.05.
Ac Z alar curvature; Al Z alare; CI Z confidence interval; Sbal Z subalare.
a Independent-samples t test between patients with cleft and those without cleft, showing a significant difference.
Nasal changes after orthognathic surgery 121This study has certain concerns. Both cleft and noncleft
patients were assessed. Preoperative measurements and
the extent of change might not be the same (Table 6).
However, the tendency of the change appeared to be
similar between the two groups. Changes in the two pa-
tient groups were compared, showing some different
changes (Table 6). Changes in nose after mandibularTable 7 Patient’s perception of nasal change after the
orthognathic surgery.
Perception of nasal
change after surgery
Patients
with cleft
Patients
without cleft
Better than before surgery 10 4
No change 10 12
Worse than before surgery 1 1movement may be small or negligible. Most of the patients
with prognathism and Class III malocclusion were corrected
by two-jaw surgery, and isolated maxillary advancement
was not common in our center. Patients with two-jaw
orthognathic surgery were selected in order to minimize
the variables.
In summary, the nasal changes in these patients
demonstrated an increase of the nasolabial angle and nos-
tril show, a mild increase of the alar width, and a decrease
of columella inclination, together with no change on the
alar base width, nasal height, and nasal length. It is inter-
esting to find that only 5% of patients complained about
adverse nasal changes. Nasal widening in the two unsatis-
fied patients was not extreme, as shown in Fig. 7. The low
dissatisfaction rate may be because of the low-grade nasal
change coupled with high-grade improvement of facial
appearance and dental function. After orthognathic surgery
for patients with Class III malocclusion and prognathism,
Figure 7 Pre- and postoperative alar width (AleAl) and alar base width (AceAc) in each patient. Two patients (number 20 and
number 35) complained that their noses became worse after the surgery. Ac Z alar curvature; Al Z alar.
122 S. Worasakwutiphong et al.characteristic nasal changes occurred, showing an increase
of the nasolabial angle and nostril show, and a decrease of
nasal tip projection. Nasal alar base remained the same.
Three-dimensional photogrammetry is a powerful tool for
evaluation of nasal changes after orthognathic surgery.Acknowledgments
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